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Description 



Oscillator Topology for Very Low Phase 
Noise Operation 

Cross Reference to Related Applications 

[0001] This application claims the benefit of US Provisional Appli- 
cation no. 60/319,630, filed October 18, 2002, the con- 
tents of which are herein incorporated by reference in its 
entirety for all purposes 
Background of Invention 

[0002] jhe present invention relates in general to electronic cir- 
cuits, and more particularly to low noise oscillators cir- 
cuits. 

[0003] Oscillator circuits are well known in the art, and may be 
generally described as circuits which generate an output 
signal, the frequency of which is determined by a con- 
necting "tank" or resonant circuit. Oscillator circuits 
(including voltage controlled oscillators or VCOs) are im- 
portant circuits in today's electronics as they form the 
crucial building blocks in larger circuits such as frequency 



synthesizers, modulators and demodulators, and clock re- 
covery circuits typically employed in numerous telecom- 
munication products. 
[0004] | n many instances, the performance of these telecommu- 
nications devices is limited by the oscillator's "phase 
noise," which can be generally described as the random 
variation in the phase or frequency of the output signal. In 
essence, the oscillator phase noise places a limit on how 
precisely the output frequency of the oscillator can be 
generated. This loss in accuracy translates into errors in 
the transmission and reception of information. What is 
therefore needed is an oscillator circuit which exhibits im- 
proved phase noise performance. 
Summary of Invention 

[0005] The present invention describes a new architecture for a 
very low noise oscillator circuit. The phase noise perfor- 
mance of the present design is improved by the use of 
various features. In a first embodiment of the present in- 
vention, an improved oscillator circuit is presented which 
includes a tank circuit, first and second oscillator transis- 
tors (together forming the gain-cell providing the nega- 
tive impedance to compensate losses in the tank circuit 
and thus ensuring oscillation), and a gain-cell tuning in- 



ductor. The tank circuit includes first and second ports, 
and is configured to resonate at one or more predefined 
frequencies. The first oscillator transistor includes a first 
port, a second port coupled to the first port of the tank 
circuit, and a third port. The second oscillator transistor 
includes a first port, a second port coupled to the second 
port of the tank circuit, and a third port. The gain-cell 
tuning inductor is coupled between the third ports of the 
first and second oscillator transistors, and is operable to 
conduct a biasing signal supplied thereto to the third 
ports of the first and second oscillator transistors. 
[0006] | n a second embodiment of the present invention, an inte- 
grated oscillator circuit is presented which includes a tank 
circuit, first and second oscillator transistors, a bias sup- 
ply circuit, and a gain-cell tuning inductor. The tank cir- 
cuit includes first and second ports, and is configured to 
resonate at one or more predefined frequencies. The first 
oscillator transistor includes a first port, a second port 
coupled to the first port of the tank circuit, and a third 
port. The second oscillator transistor includes a first port, 
a second port coupled to the second port of the tank cir- 
cuit, and a third port. The bias supply circuit operates to 
generate a biasing signal. The gain-cell tuning inductor is 



coupled to the bias supply circuit and between the third 
ports of the first and second oscillator transistors and is 
operable to conduct the biasing signal to the third ports 
of the first and second oscillator transistors. 
[0007] other aspects and advantages of the invention will be- 
come apparent when referring to the description and 
drawings described herein. 
Brief Description of Drawings 

[0008] pig. 1 illustrates a low noise oscillator circuit in accor- 
dance with one embodiment of the present invention. 

[0009] Fig. 2 illustrates one embodiment of a low noise bias sup- 
ply circuit operable to generate a biasing signal to the os- 
cillator circuit shown in Fig. 1 in accordance with the 
present invention. 
Detailed Description 

[0010] Fig. 1 illustrates an oscillator circuit 100 in accordance 

with one embodiment of the present invention. The oscil- 
lator circuit 100 includes oscillator transistors 110 and 
120 arranged in a differential configuration, a tank circuit 
130, a gain-cell tuning inductor 140, capacitors 152 and 
154, and a supply resistor 162. In one embodiment, each 
of these components are monolithically fabricated in a 



complementary metal oxide semiconductor (CMOS) pro- 
cess, although those of skill in the art will appreciate that 
the circuit may be formed in other materials (e.g., GaAs), 
as well as in monolithic, hybrid, or discrete form. 
[0011] Oscillator transistors 110 and 120 provide negative resis- 
tance to compensate for the losses of the tank circuit 130, 
thereby allowing the circuit 100 to oscillate. Oscillator 
transistors 110 and 120, in one embodiment, are p-type 
metal oxide semiconductor (pMOS) transistors having 
their respective source terminals 112 and 122 coupled to- 
gether and to the power supply 160 through supply resis- 
tor 162. Drain terminals 114 and 124 are coupled to the 
first and second ports of the tank circuit 130a and 130b, 
respectively. Gate terminals 116 and 126 are coupled to a 
gain-cell tuning inductor 140, through which a biasing 
signal V is supplied. While oscillator transistors 110 

bias 

and 120 are illustrated as pMOS transistors, other FET 
transistor embodiments such as nMOS, as well as bipolar 
transistor architectures may be used in alternative em- 
bodiments under the present invention. 
[0012] During operation, the tank circuit 130 is coupled to a first 
potential (a ground potential in the illustrated embodi- 
ment) and includes two ports 130a and 130b connected 



between the drain and gate terminals of the oscillator 
transistors 110 and 120. The oscillator transistors 110 
and 120 are coupled to a second potential (Vcc in the il- 
lustrated embodiment) via their respective first ports 112 
and 122. The resonant frequency is defined in the illus- 
trated embodiment by the combined reactance of a tank 
inductor 131 connected in parallel with a capacitor, real- 
ized in one embodiment as two series-coupled, reverse- 
biased varactor diodes 132 and 134. The capacitor may 
alternatively be realized as a MOS capacitor. A tuning 
voltage V is supplied to the varactor diodes 132 and 

tune 

134 to set the capacitance of the tank circuit, thereby set- 
ting the resonant frequency of the oscillator 100. While 
the illustrated embodiment illustrates a variable reactance 
tank circuit commonly used in voltage controlled oscillator 
circuits (VCOs), the invention is not limited thereto, and a 
tank circuit having a fixed resonant frequency may be 
used in an alternative embodiment of the invention. More- 
over, the invention is not limited to any particular tank 
circuit configuration, as any resonant circuit, active or 
passive, parallel or series-coupled, can be used with the 
present invention. In embodiments in which n-type FETs 
or BJTs (bipolar junction transistors) are employed, the 



first and second potentials are reversed, e.g., tank induc- 
tor 131 is coupled to a power supply, the polarity of the 
varactor diodes 132 and 134 are reversed, and the power 
supply 160 is replaced with a ground connection. Further, 
those skilled in the art will appreciate that the aforemen- 
tioned first and second potentials may be any value and 
polarity sufficient to bias the oscillator transistors 110 
and 120 at the desired operating point. 
[0013] The gain-cell tuning inductor 140 is coupled between the 
gate terminals of oscillator transistors 110 and 120. The 
gain-cell tuning inductor 140 is preferred over the con- 
ventional employed, and thermal noise-generating resis- 
tor. The gain-cell tuning inductor 140 operates to in- 
crease the open-loop gain of the VCO generating the 
negative impedance, with a minimal addition of thermal 
noise in the loop. The gain is increased due to resonance 
occurring between the gain-cell output ports connected to 
the main resonant tank of the VCO (in this embodiment 
the one connected to ground) and the input ports of the 
gain-cell (in this embodiment the gates of the transistors 
that are capacitively coupled to the resonant tank). As 
those skilled in the art will recognize, the increased gain 
results in a higher signal amplitude at the gate terminals 



of transistors 110 and 120, which in turn leads to a higher 
signal-to-noise ratio at the gate terminals, a higher tran- 
sistor switching efficiency, and consequently lower phase 
noise. The coupling capacitors 152 and 154 additionally 
operate to DC isolate the transistor gate terminals 116 
and 126 from the tank circuit. This permits the use of 
transistors with larger device sizes resulting in a lower 
1/f-noise in the oscillator transistors 110 and 120, again 
leading to a reduction in oscillator phase noise. To even 
further reduce oscillator phase noise, the supply resistor 
162 is used as a current limiter instead of conventionally 
used active current source, as the latter can provide ex- 
cess 1/f and white noise. 
[0014] pig. 2 illustrates a low noise bias supply circuit 200 oper- 
able to generate the biasing signal V in accordance 
with one embodiment of the present invention. The bias 
supply circuit 200 includes a bias transistor 210, a first 
bias circuit resistor 220 coupled to a power supply 240, 
and a second bias circuit resistor 230 coupled to ground. 
The bias transistor 210 has a source terminal 212 con- 
nected to a first bias circuit resistor 220, and gate and 
drain terminals 214 and 216 coupled together at node 
219 in a diode configuration, producing the biasing signal 



V at node 219. This signal is coupled to the biasing in- 

bias 

ductorl40, which in turn supplies the signal to the gate 
terminals of oscillator transistors 110 and 120. 
[0015] | n a specific embodiment of oscillator 100, first and sec- 
ond oscillator transistors 110 and 120 are (200um/0.35u) 
pMOS transistors. The biasing inductor 140 is 2.0 nH, and 
preferably has a Q of 10 or higher. The V cc supply 160 
operates at +2.7 to +3.6 VDC and the supply resistor 162 
is50 ohms. Coupling capacitors 152 and 154 are 2 pF, 
and the tank inductor 131 is 1.2 nH. The varactor diodes 
132 and 134 exhibit 3.2 pF to 1.6 pF capacitance as V 

tune 

ranges from +0.5 VDC to +3 VDC. Those skilled in the art 
will appreciate that the aforementioned device parameters 
are only exemplary, and other values may be used. For 
example, even larger oscillator transistors may be se- 
lected to operate at a lower 1/f noise level, albeit with in- 
creased parasitic capacitance. In such an instance, the 
value of the bias inductor 140 and coupling capacitors 
152 and 154 would be modified to match out the increase 
parasitic capacitance of the larger oscillator transistors 
110 and 120. 

[0016] | n a specific embodiment of the biasing circuit 200, the 

bias transistor 210 is a (1250um/2u) pMOS transistor, the 



V cc supply 240 operates between +2.7 to + 3.6VDC, and 
bias resistors 220 and 230 are 200 ohms and 300 ohms 
respectively. As noted above, these values are only exem- 
plary, and others may be used in alternative embodiments 
under the present invention. 

[0017] | n an integrated oscillator circuit comprising the oscillator 
circuit 100 of Fig. 1 and the bias supply circuit 200 of Fig. 
2, the operation of the integrated assembly remains rela- 
tively constant over process and temperature variation as 
the electrical parameters of each circuit tracks the other. 
Specifically, as temperature and process changes occur, 
the resistance values of resistors Rl, R2 and R3, will move 
in the same direction and substantially the same amount 
relative to their size and scale. Also, the transistor param- 
eters of Ml, M2 and M3 will move in the same direction 
and substantially the same amount relative to their size 
and scale. Accordingly, although the electrical parameters 
of resistivity, threshold voltage, etc. may change with pro- 
cess and temperature, the components will track each 
other resulting in substantially the same circuit perfor- 
mance over these changes. 

[0018] while the above is a detail description of the present in- 
vention, it is only exemplary and various modifications, 



alterations and equivalents may be employed in various 
apparati and processes described herein. Accordingly, the 
scope of the present invention is hereby defined by the 
metes and bounds of the following claims: 



